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REMARKS 

Favorable reconsideration of this application, in light of the preceding amendments and 
following remarks, is respectfully requested. 

Claims 1, 3-13, 15-17 and 31-33 are pending in this application. Claims 1, 3, 6-7 and 9- 
10 are amended. Claims 2, 14 and 18-30 have been cancelled. Claims 1, 31 and 32 are the 
independent claims. 

The Applicants note with appreciation the Examiner's acknowledgement that certified 
copies of all priority documents have been received by the U.S.P.T.O. Action, summary at 12. 

The Applicants also respectfully note the present action indicates that the drawings have 
been accepted by the Examiner. Action, summary at 10. 

Election/Restriction 

Initially, Applicants respectfully request that claims 31-33 be rejoined based on the 
reasoning detailed below. 

MPEP § 803 states the following: 

If the search and examination of an entire application can be made without serious 
burden, the Examiner must examine it on the merits, even though it includes 
claims to distinct or independent inventions. 

Applicants respectfully submit that the claims of the present application appear to be part of an 
overlapping search area and respectfully request the restriction be withdrawn. 
Substitute Specification 

While Applicants do not believe that a substitute specification is needed since the term 
"heat pipe" is used throughout the specification, Applicant submits a voluntary Substitute 
Specification along with a marked-up copy of the original Specification showing the additions 
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and deletions to the original Specification.. The Substitute Specification only includes the 
changes indicated on the marked-up copy of the original Specification. The changes involve 
(among others things) deleting the term "heat pipe" in favor of "heating pipe" respectively. The 
substitute specification does not contain any new matter. The substitute specification follows the 
last page of this Amendment. 

Rejections under 35 U.S.C. §112, First Paragraph 

Claims 1-30 stand rejected under 35 U.S.C. § 112, first paragraph, because the 
specification, while being enabling for a "heating pipe" or "heated pipe", does not reasonably 
provide enablement for a "heat pipe". 

Claims 2, 14 and 18-30 have been cancelled. Therefore, the rejection to claims 2, 4 and 
18-30 is moot. A substitute specification is submitted herewith as explained above. For these 
reasons, Applicants respectfully request that the Examiner withdraw the rejection of claims 1-3, 
5-13 and 15-17. 

Rejections under 35 U.S.C. §112, Second Paragraph 

Claims 2-10, 12-13, 15-17 and 20-30 stand rejected under 35 U.S.C. § 112, second 
paragraph, as allegedly being indefinite for failing to particularly point out and distinctly claim 
the subject matter which the Applicant regards as the invention. 

Claims 2 and 20-30 have been cancelled. Therefore, the rejection to claims 2 and 20-30 
is moot. The Examiner asserts, "heat pipe" is indefinite because the specification does not 
clearly redefine the term, and suggests the claims be corrected to read, "heating pipe". 
Applicants have amended claims 2-3, 6-7 and 9-10 to read "heating pipe" rather than "heat 
pipe". Claims 4-5 and 8, dependent on the above amended claims, should now also be in 
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condition for allowance for at least the reason of their dependency. Claim 15 has no reference to 
a heat pipe and so the rejection to this claim is moot. 

Claims 7 and 9 have been amended to depend on claim 6 rather than claim 3. 

As to claims 12, 13, 16 and 17, Applicants respectfully submit that these claims further 
limit an apparatus and are in no way improper. For example, claim 17 is only further defining 
the group of gases that the first and second source gas may be selected from (e.g., lead (Pb) or 
compounds thereof). Indeed, the helpful examination guidelines set forth in MPEP § 2173.05(f) 
expressly authorize such claim drafting techniques. 

As to claim 13, Applicants respectfully submit that claims 1 and 13 are not contradictory. 
For example, claim 1 discloses "a heating device for heating the first source gas" and claim 1 1 
discloses "wherein the first source gas is a gas flowing into the process chamber at a room 
temperature". Paragraph [0040] of the instant specification states "the first source gas may be 
supplied from a first source gas supply source (not shown) to the process chamber 210 at room 
temperature through the first supply pipe 242. The first source gas may be heated to a desired 
temperature by the heating device 250 and is then supplied to the first inlet part 231". Therefore, 
the first source gas is a gas flowing into the process chamber at room temperature and is 
then heated by the heating device once inside the process chamber. See Figure 2. 

Thus, for all of the above reasons, Applicants respectfully request that the Examiner 
withdraw the rejection of claims 3-10, 12-13 and 15-17. 
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Rejections under 35 U.S.C. §102 

Sakamoto 

Claims 1-5, 7-12, 14 and 16-30 stand rejected under 35 U.S.C. § 102(b) as allegedly 
being anticipated by Sakamoto et al. (U.S. Patent No. 5,968,593, hereinafter " Sakamoto "). The 
Applicants respectfully traverse this rejection for the reasons detailed below. 

Claims 2, 14 and 18-30 have been cancelled. Therefore, the rejection to claims 2, 14 and 
18-30 is moot. Independent claims 1 recites "wherein the heating pipe has one end connected with 
the first supply pipe, the other end connected with the shower part, the heating pipe passing around 
the susceptor". 

Example non-limiting embodiments of this feature are discussed, for example, in 
paragraph [0049] and FIG. 2 of the instant specification. Sakamoto , as relied upon by the 
Examiner, fails to anticipate or suggest a heating pipe that has one end connected with the first 
supply pipe, the other end connected with the shower part, and the heating pipe passing around 
the susceptor as recited in independent claim 1. 

On p. 7 of the Office Action, the Examiner states that reference numeral 311 in FIG. 13 
corresponds to the heating pipe in independent claim 1. However, in column 10, rows 33-35, 
Sakamoto uses reference numeral 311 to describe gas feeding pipes, which appear to correspond 
with gas supply pipes 242 and 244 in FIG. 2 of the instant application. Also, Applicants can find 
no reference to the gas feeding pipes also serving as heating pipes. 

Even if the gas feeding pipes served as heating pipes (which Applicants do not admit), in 
FIG. 2 of the instant application, the heating pipe 250 and the gas supply pipes 242 and 244 are 
clearly two different pipes serving two different functions. 
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The Applicants, therefore, respectfully request that the rejection to Claim 1 under 35 
U.S.C. § 102(b) be withdrawn. 

In addition, independent claim 1 recites the first source gas flowing through the heating 
pipe heated by heat radiated from the susceptor. In column 8, lines 55-60, Sakamoto states that 
the gas is heated by the gas distribution chamber. Sakamoto further states that "gas supplied 
from the gas supply tube is preheated before it is led into the gas feed pipes". Therefore, the 
source gas in Sakamoto is not "heated by heat radiated from the susceptor" as in independent 
claim 1. 

The Applicants, therefore, respectfully request that the rejection to Claim 1 under 35 
U.S.C. § 102(b) be withdrawn for these additional reasons. 

Claims 3-5, 7-12 and 16-17, dependent on independent claim 1, are patentable for the 
reasons stated above with respect to claim 1 as well as for their own merits. 

Accordingly, Applicants respectfully request reconsideration and withdrawal of the 
rejection to independent claim 1 and all claims dependent thereon. 

Inokuchi 

Claims 1-3, 10, 14, 16, 18-20 and 22-30 stand rejected under 35 U.S.C. § 102(b) as 
allegedly being anticipated by Inokuchi et al. (U.S. Patent No. 6,139,641, hereinafter 
" Inokuchi "). The Applicants respectfully traverse this rejection for the reasons detailed below. 

Claims 2, 14 and 18-30 have been cancelled. Therefore, the rejection to claims 2, 14, 18- 
20 and 22-30 is moot. Inokuchi , as relied upon by the Examiner, fails to anticipate or suggest the 
heating pipe with one end connected with the first supply pipe, the other end connected with the 
shower part as recited in independent claim 1. 
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As is clear from FIG. 6 of Inokuchi, gas supply tube 44 and opening 32 (which Examiner 
refers to as a showerhead) are located on the same area of the heating tubes 42 and 43. 
Therefore, Inokuchi fails to suggest a heating pipe with one end connected to a first supply 
pipe and the other end connected to a shower part . 



FIG. 6 




The Applicants, therefore, respectfully request that the rejection to Claim 1 under 35 
U.S.C. § 102(b) be withdrawn. 

In addition, independent claim 1 recites the first source gas flowing through the heating 
pipe heated by heat radiated from the susceptor. In column 4, lines 46-49 and 64-66, Inokuchi 
states that the gas is heated by heater 70, which does not correspond with the susceptor of 
independent claim 1. Therefore, the source gas in Inokuchi is not "heated by heat radiated from 
the susceptor" as in independent claim 1. 

The Applicants, therefore, respectfully request that the rejection to Claim 1 under 35 
U.S.C. § 102(b) be withdrawn for these additional reasons. 

Claims 3, 10 and 16, dependent on independent claim 1, are patentable for the reasons 
stated above with respect to claim 1 as well as for their own merits. 
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Accordingly, Applicants respectfully request reconsideration and withdrawal of the 
rejection to independent claim 1 and all claims dependent thereon. 

Rejections under 35 U.S.C §103 

Claims 2-13, 17, 22 and 25-30 stand rejected under 35 U.S.C. § 103(a) as allegedly being 
unpatentable over Shim et al. and in view of Sakamoto et al. (U.S. Patent No. 5,968593, 
hereinafter " Sakamoto "). The Applicants respectfully traverse this rejection for the reasons 
detailed below. 

Claims 2 and 18-30 have been cancelled. Therefore, the rejection to claims 2, 22 and 25- 
30 is moot. As previously described, Sakamoto fails to anticipate or suggest at least the feature 
of "wherein the heating pipe has one end connected with the first supply pipe, the other end 
connected with the shower part, the heating pipe passing around the susceptor" as recited in 
claim 1. Dependent claims 3-13 and 17 depend from independent claim 1 and therefore include 
the features of independent claim 1. 

Even assuming, arguendo, that Shim and Sakamoto were combinable (which Applicants 
do not admit), Applicants submit that none of the cited references, either alone or in any proper 
combination, cure the deficiencies of Sakamoto with respect to at least the previously identified 
feature of independent claim 1. 

The Applicants, therefore, respectfully request that the rejection to Claims 3-13 and 17 
under 35 U.S.C. § 103(a) be withdrawn. 
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CONCLUSION 



In view of the above remarks and amendments, the Applicants respectfully submit that 
each of the pending objections and rejections has been addressed and overcome, placing the 
present application in condition for allowance. A notice to that effect is respectfully requested. 
If the Examiner believes that personal communication will expedite prosecution of this 
application, the Examiner is invited to contact the undersigned. 

Should there be any outstanding matters that need to be resolved in the present 
application, the Examiner is respectfully requested to contact John A. Castellano at the telephone 
number of the undersigned below. 

If necessary, the Commissioner is hereby authorized in this, concurrent, and future 
replies, to charge payment or credit any overpayment to Deposit Account No. 08-0750 for any 
additional fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; particularly, extension 
of time fees. 



Respectfully submitted, 



JAC/EGH 



By 



HARNESS, DIGKEY, & PIERCE, P.L.C. 



John A. CaMellano, Reg. No. 35,094 
P.O. Box 8910 
Reston, Wginia 20195 
(703) 66»8000 
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APPARATUS FOR FABRICATING SEMICONDUCTOR DEVICES, HEA 
ARRANGEMENT, SHOWER HEAD ARRANGEMENT, METHOD OF 
REDUCING THERMAL DISTURBANCE DURING FABRICATION OF A 
SEMICONDUCTOR DEVICE, AND METHOD OF EXCHANGING HEAT 
DURING FABRICATION OF A SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

[00011 The application claims the benefit of the priority of Korean Patent Application 
No. 2003-1 1778, filed on February 25, 2003 and Korean Patent Application No. 2003- 
51434, filed on July 25, 2003, in the Korean Intellectual Property Office, the entire 
contents of both of which are hereby incorporated by reference. 

Field of the Invention 

[0002] The present invention relates to an apparatus for fabricating a semiconductor 
device, a heating arrangement, a shower head arrangement, a method of reducing thermal 
disturbance during fabrication of a semiconductor device, and a method of exchanging 
heat during fabrication of a semiconductor device. 

Description of the Related Art 

[0003] Several processes, such as an ion implanting process, a deposition process, a 
photolithography process and an etching process may be used to fabricate semiconductor 
devices. Among these processes, the deposition process is used for forming a film on a 
wafer and may be further classified into a chemical vapor deposition method and a 
physical vapor deposition method. Recently, a metal organic chemical vapor deposition 
(MOCVD) process has been widely used in which a volatile metal organic compound is 
used as a precursor to deposit a film, such as a high dielectric thin film, a ferro-dielectric 
thin film, a superconductive thin film, or a metal oxide thin film usable as an electrode on 
a wafer. 
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[0004] FIG. 1 is a schematic sectional view illustrating a conventional MOCVD 
apparatus. Referring to FIG. 1, the MOCVD apparatus includes a susceptor 160 (which 
itself may include a surrounding and/or embedded heater which is not shown) and a 
showerhead 140 disposed to face each other within a process chamber 120. A 
semiconductor substrate (W) such as a wafer is placed on the susceptor 160. The 
showerhead 140 is connected to a pipe 1 82 for supplying a first source gas as a metal 
organic precursor, and a pipe 1 84 for supplying a second source gas such as oxygen, 
nitrogen, ammonia, etc. Generally, the first source gas is supplied to the showerhead 140 
in a heated state so as not to allow re-liquefaction or heat-decomposition, and the second 
source gas is supplied to the showerhead 140 at room temperature. 
[0005] The wafer (W) may be heated to a process temperature of about 500 °C that is 
higher than a decomposition temperature of the source gases, and the first and second 
source gases are showered downwardly through a shower hole 142 of the showerhead 
140 to be deposited on the wafer (W). In a conventional deposition method, the first 
source gas, a purge gas and the second source gas may be sequentially supplied to deposit 
a certain quality film on the wafer (W). 

[0006] However, the conventional MOCVD apparatus may have the following 
drawbacks. Since the source gas is deposited when the wafer (W) is heated at a 
temperature above 500 °C , a heater of the susceptor 160 should be elevated at a 
temperature above about 600 °C . Accordingly, an outer wall of the process chamber 120 
and the showerhead 140 may be heated at a higher temperature than the decomposition 
temperature of the source gas such that the source gases may be previously decomposed 
and deposited on the outer wall of the process chamber 120 and the showerhead 140. 
Additionally, equipment may be damaged and worker's safety may be threatened since 
the outer wall of the process chamber 120 is heated at a high temperature. Further, a 
thermal disturbance may be generated and the reaction may be deteriorated due to a 
temperature difference between the first and second source gases, since the first source 
gas is supplied to the showerhead 140 in a heated state while the second source gas is 
supplied to the showerhead 140 at room temperature. 
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SUMMARY OF THE INVENTION 
[0007] Exemplary embodiments of the present invention are directed to an apparatus for 
fabricating a semiconductor device, a heating arrangement, a shower head arrangement, a 
method of reducing thermal disturbance during fabrication of a semiconductor device, 
and a method of exchanging heat during fabrication of a semiconductor device that may 
substantially obviate one or more problems due to limitations and disadvantages of the 
conventional art. 

[0008] Exemplary embodiments of the present invention provide an apparatus for 
fabricating a semiconductor device, a heating arrangement, a shower head arrangement, a 
method of reducing thermal disturbance during fabrication of a semiconductor device, 
and a method of exchanging heat during fabrication of a semiconductor device for 
allowing a source gas to be satisfactorily deposited on a wafer. 

[0009] In an exemplary embodiment, an apparatus for fabricating a semiconductor device 
includes a process chamber, a susceptor disposed within the process chamber, the 
susceptor being heated to a high temperature while a process is performed, a shower part 
facing the susceptor within the process chamber, a first supply pipe for supplying a first 
source gas to the process chamber, and a heating device for heating the first source gas. 
In an exemplary embodiment, the heating device is a h e at pip e heating pipe which has one 
end connected with the first supply pipe and the other end connected with the shower 
part. In an exemplary embodiment, the h e at pip e heating pipe passes around the high 
temperature susceptor. In another exemplary embodiment, the h e at pip e heating pipe has a 
first heat part being coil-shaped to surround a circumference of the susceptor. 
[0010] In an exemplary embodiment, the h e at pip e heating pipe has a first heat part which 
is formed ranging from a lower portion of a sidewall of the process chamber to an upper 
portion of the sidewall of the process chamber, and is inserted into an outer wall of the 
process chamber. In an exemplary embodiment, the heat pip e heating pipe has a second 
heat part disposed in the lower wall of the process chamber and connected with the first 
supply pipe. In an exemplary embodiment, the second heat part is spiral-shaped to have a 
radius that gradually increase from a central portion of the lower wall of the process 
chamber to the outside portion on the same plane. In an exemplary embodiment, the heat 
pipe heating pipe further includes a third heat part disposed at an upper portion within the 
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process chamber and connected with the shower part. The third part is spiral-shaped to 
have a radius that gradually increases from a central portion of the upper wall of the 
process chamber to the outside portion on the same plane . 

[0011] In another exemplary embodiment, the first heat part is disposed between the 
outer wall of the process chamber and the susceptor, and surrounds a circumference of 
the susceptor in a coiled shape. In another exemplary embodiment, a liner is disposed 
between the first heat part of the h e at pip e heating pipe and the susceptor to reduce the 
likelihood or prevent a process byproduct from being attached to the first supply pipe. 
According to an exemplary embodiment, the third heat part extends from the first heat 
part and surrounds the circumference of the shower part in a coiled shape. 
[0012] In another exemplary embodiment, the apparatus for fabricating a semiconductor 
device is a metal organic chemical vapor deposition (MOCVD) apparatus and further 
includes a second supply pipe for supplying a second source gas to the shower part. 
[0013] In another exemplary embodiment, the first source gas flows into the process 
chamber at room temperature, and the second source gas is a metal organic gas flowing 
into the process chamber in a heated state. 

[0014] In another exemplary embodiment, the heating device may be a heater installed 
on the first supply pipe to thereby heat the first source gas. 

[0015] In another exemplary embodiment, a heating arrangement for heating a source gas 
in an apparatus for fabricating a semiconductor device includes at least one heating 
device for heating at least one source gas input to the apparatus for fabricating the 
semiconductor device. 

[0016] In another exemplary embodiment, a shower head arrangement for supplying at 
least two source gases to an apparatus for fabricating a semiconductor device includes at 
least one inlet part for receiving the at least two source gases, the at least two source 
gases being heating above room temperature and at least one shower plate for delivering 
the at least two source gases to a process chamber of the apparatus for fabricating a 
semiconductor device. 

[0017] In another exemplary embodiment, a shower head arrangement for supplying at 
least two source gases to an apparatus for fabricating a semiconductor device includes at 
least two inlet parts, each for receiving one of the at least two source gases and at least 
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two shower plates, each for delivering one of the at least two source gases to a process 

chamber of the apparatus for fabricating a semiconductor device. 

[0018] In another exemplary embodiment, a method of reducing thermal disturbance 

during fabrication of a semiconductor device includes heating a first source gas to be 

supplied to a process chamber above room temperature and heating all other source gases 

to be supplied to the process chamber above room temperature. 

[0019] In another exemplary embodiment, a method of exchanging heat during 

fabrication of a semiconductor device includes heating a source gas to be supplied to a 

process chamber above room temperature using a heat source internal to the process 

chamber. 

[0020] It is to be understood that both the foregoing general description and the 
following detailed description of the present invention are exemplary and explanatory to 
provide further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] Exemplary embodiments of the present invention will be readily apparent to those 
of ordinary skill in the art upon review of the detailed description that follows when taken 
in conjunction with the accompanying drawings, in which like reference numerals denote 
like parts, and in which: 

[0022] FIG. 1 is a sectional view illustrating a conventional MOCVD (metal organic 
chemical vapor deposition) apparatus; 

[0023] FIG. 2 is a sectional view illustrating a MOCVD apparatus in accordance with a 
first exemplary embodiment of the present invention; 

[0024] FIG. 3 is a sectional view illustrating a modified example of a MOCVD apparatus 
of FIG. 2; 

[0025] FIG. 4 is a sectional view illustrating a MOCVD apparatus in accordance with a 
second exemplary embodiment of the present invention; 

[0026] FIG. 5 is a perspective view illustrating a h e at pip e h eating pipe and a liner of FIG. 
4; 

[0027] FIG. 6 is a sectional view illustrating a modified example of a MOCVD apparatus 
of FIG. 4; 
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[0028] FIG. 7 is a perspective view illustrating a heat pip e heating pipe and a liner of FIG. 
6; and 

[0029] FIG. 8 is a sectional view illustrating a MOCVD apparatus in accordance with a 
third exemplary embodiment of the present invention. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE 

INVENTION 

[0030] Reference will now be made in detail to the exemplary embodiments of the 
present invention, which are illustrated in the accompanying drawings. It should be 
recognized that the present invention is not limited by any of the details of the exemplary 
embodiments explained herein, but embodied in different forms. The exemplary 
embodiments of the present invention are provided merely to thoroughly completely 
convey ideas of the present invention to those skilled in the art that the present invention 
pertains to. 

[0031] In the following exemplary embodiments, a metal organic chemical vapor 
deposition (MOCVD) apparatus is exemplified for description, but the apparatus of the 
present invention may be used in any other type of apparatus for fabricating a 
semiconductor device in which a film is formed on a wafer at higher than room 
temperature. 

[0032] Further, the inventive apparatus may be used in a deposition method for 

simultaneously supplying source gases into a process chamber (such as a chemical vapor 

deposition method), or a deposition method for sequentially supplying the source gases 

into the process chamber ((such as an atomic layer deposition method). 

[0033] FIG. 2 is a schematic sectional view illustrating a MOCVD apparatus in 

accordance with a first exemplary embodiment of the present invention. 

[0034] Referring to FIG. 2, the MOCVD apparatus includes a process chamber 210, a 

susceptor 220, a showerhead 230, a first supply pipe 242, a second supply pipe 244, and a 

heating device 250. 

[0035] The susceptor 220 on which the wafer (W) is mounted may be provided in a 
lower portion of the process chamber 210. In order to heat the wafer (W) at a high 
temperature, to maintain an inner space of the process chamber 210 at a temperature 
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above a decomposition temperature of the source gases, and to satisfactorily deposit the 
source gases on the wafer (W), a heater (not shown) may installed around and/or inside 
the susceptor 220. Generally, the temperature of the susceptor 220 may be elevated to a 
temperature above 600 °C by the heater since the wafer (W) should be heated at a 
temperature above 500 °C . 

[0036] A shower part 230, such as a showerhead, may be provided in an upper portion of 
the process chamber 210 to face the susceptor 220. The shower part 230 showers the 
source gases downwardly into the process chamber 210, and is coupled to an upper 
surface of the process chamber 210. 

[0037] A discharge line 246 is formed at one side surface or a bottom surface of the 
process chamber 210 to maintain the internal section of the process chamber 210 at a 
desired pressure and to discharge remnants remaining after deposition. The discharge 
line 246 may have a pump 247 connected thereto. 

[0038] The shower part 230 may include a first inlet part 23 1 disposed at an upper 
portion and a second inlet part 232 disposed at a lower portion. A first shower plate 237 
may be disposed between the first inlet part 23 1 and the second inlet part 232 to separate 
the first inlet part 23 1 and the second inlet part 232 from each other, and a second shower 
plate 238 may be formed below the second inlet part 232. The first shower plate 237 may 
have a plurality of first holes 233. The second shower plate 238 may have a plurality of 
second holes 234 at corresponding positions to the plurality of first holes 233, and a 
plurality of third holes 235 between the plurality of second holes 234. Shower pipes 236 
may be inserted between the plurality of first holes 233 and the plurality of second holes 
234. 

[0039] The first inlet part 231 may correspond to a portion through which a first source 
gas is introduced, and the first source gas may be in a gaseous state at a room 
temperature. When depositing an oxide on the wafer (W), the first source gas may be 
oxygen (O2) gas or other oxygen-based gas. When depositing a nitride on the wafer (W), 
the first source gas may be nitrogen (N 2 ) gas, ammonia (NH 3 ) gas or other nitrogen-based 
gas. The second inlet part 232 corresponds to a portion through which a second source 
gas is introduced. The second source gas may be a substance having a low steam pressure 
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and existing in liquid/solid states at a room temperature, and may be a metal organic 
precursor gas supplied to the shower part 230 in an appropriately heated state. 
[0040] The first source gas may be supplied from a first source gas supply source (not 
shown) to the process chamber 210 at room temperature through the first supply pipe 
242. The first source gas may be heated to a desired temperature by the heating device 
250 and is then supplied to the first inlet part 23 1 . The second source gas may be 
supplied from a second source gas supply source (not shown) to the second inlet part 232 
through the second supply pipe 244 in a heated state so as not to allow re-liquefaction or 
heat-decomposition. The supply source of the second source gas may include a liquid 
source substance-supplying part (not shown) and a liquid source substance vaporizing 
part 245. The first supply pipe 242 may be connected with one end of the heating device 
250 disposed in the bottom wall 212 of the process chamber 210, and the second supply 
pipe 244 may be connected with the second inlet part 232 of the shower part 230 through 
the upper wall 216 of the process chamber 210. However, the heating device 250 may 
also be connected with the second inlet part 232, and the second supply pipe 244 may 
also be connected with the first inlet part 23 1 . 

[0041] In operation, the first source gas is heated by the heating device 250. In an 
exemplary embodiment, the heating device 250 may be a h e at pip e heating pipe . The heat 
pip eheating pipe 250 guides the first source gas introduced through the first supply pipe 
242 to the first inlet part 23 1 . The h e at pip e heating pipe 250 may be arranged to pass 
around the high temperature susceptor 220 such that the first source gas flowing through 
the h e at pip e heating pipe 250 is heated at a desired temperature. In an exemplary 
embodiment, the h e at pip e heating pipe 250 may include a first heat part 252, a second 
heat part 254 and a third heat part 256. The first heat part 252 and the second heat part 
254 allow the first source gas flowing therethrough to be heated at a desired temperature 
by using heat radiated from the susceptor 220. In an exemplary embodiment, the first 
heat part 252 may be inserted or embedded in a sidewall 214 of the process chamber 210, 
and may be helical or coil-shaped (a three-dimensional shape) ranging from a lower 
portion to an upper portion of the sidewall 214. The second heat part 254 may extend 
from one end of the first heat part 252 and be connected with the first supply pipe 242. 
The second heat part 254 may be inserted into the lower wall 212 of the process chamber 
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210, and may be spiral-shaped (a two-dimensional shape) to have a radius that decreases 
gradually from an edge portion to a central portion of the lower wall 212. The third heat 
part 256 may heat the first source gas flowing through the h e at pip e heating pipe 250 by 
using heat from the shower part 230, or cools the shower part 230 at a desired 
temperature. The third heat part 256 may extend from one end of the second heat part 
254 and may be spiral-shaped (a two-dimensional shape) to have a radius that decreases 
gradually from the outside of the shower part 230. One end of the third heat part 256 may 
be connected with the first inlet part 231 of the shower part 230. 
[0042] In operation of the MOCVD apparatus as constructed above, the susceptor 220 
may be maintained at a temperature above 600 °C . The first source gas may be supplied 
to the process chamber 210 through the first supply pipe 242 at a room temperature. The 
first source gas flows through the h e at pip e heating pipe 250 to the first inlet part 23 1 of 
the shower part 230 in a heated state caused by the heat radiated from the susceptor 220. 
Further, the second source gas as the precursor gas is heated at an appropriate 
temperature so as not to allow liquefaction or decomposition and is supplied into the 
second inlet part 232 of the shower part 230 through the second supply pipe 244. The 
first source gas supplied to the first inlet part 23 1 is showered downwardly through the 
shower pipe 236 of the shower part 230, and the second source gas supplied to the second 
inlet part 232 is showered downwardly through the plurality of third holes 235 of the 
second shower plate 238. The first and second source gases may be decomposed and 
recombined by a high temperature heater and then deposited on the wafer (W). The 
remnants remaining after deposition are discharged through the discharge pipe 246. A 
sensor (not shown) for sensing a temperature of the wafer (W) may be mounted on the 
susceptor 220. Accordingly, if the wafer (W) has a lower temperature than the process 
temperature for deposition due to heat exchange with the heat pip e heating p ipe 250, the 
wafer (W) may be heated to a higher temperature by the heater. 

[0043] In the conventional MOCVD apparatus, the process chamber 210 and the shower 
part 230 are maintained to be at a temperature above the decomposition temperature of 
the source gas using the heat radiated from the heater. Accordingly, the source gases 
may be decomposed around an outer wall of the process chamber 210, and then deposited 
on the outer wall of the process chamber 210. However, exemplary embodiments of the 
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present invention may solve the above-described drawback since the heat radiated from 
the susceptor 220 to the sidewall 214 of the process chamber 210 is used to heat the first 
source gas flowing through the first heat part 252 and the second heat part 254 to thereby 
maintain the outer wall of the process chamber 210 at a low temperature in comparison 
with the conventional art. Additionally, since the heat exchange is performed between 
the high temperature heated shower part 230 and the first source gas flowing third heat 
part 256, the possibility may be reduced that the source gas may be decomposed around 
the shower part 230 and then deposited on the shower part 230. 
[0044] Further, in the conventional MOCVD apparatus, since the second source gas 
flows into the shower part 230 in a heated state, while the first source gas flows into the 
shower part 230 at a room temperature, a thermal disturbance may be generated due to a 
temperature difference between the source gases and the reaction may be adversely 
affected by the thermal disturbance. In the exemplary embodiments of the present 
invention, since the first source gas is supplied to the shower part 230 in a heated state by 
using the heat radiated from the susceptor 220, a temperature difference with the second 
source gas may be not as large and may not influence a reaction for forming a thin film. 
[0045] Further, exemplary embodiments of the present invention may not need a separate 
heating device for heating the first source gas or a separate cooling device for cooling the 
outer wall of the process chamber 210 and the shower part 230. However, separate 
heating and/or cooling devices may be installed. 

[0046] FIG. 3 illustrates a modified example of the MOCVD apparatus of FIG.2. As 
shown in FIG.3, a shower part 330 may include only one inlet part 331 and one shower 
plate 332. In this case, a first source gas and a second source gas are supplied to the same 
inlet part 331, and are showered downwardly through holes 334 of the shower plate 332 
formed at a lower portion of the inlet part 331. 

[0047] FIG. 4 is a sectional view illustrating a MOCVD apparatus in accordance with a 
second exemplary embodiment of the present invention, and FIG. 5 is a perspective view 
illustrating a h e at pip e heating pipe and a liner of FIG. 4. 

[0048] Referring to FIG. 4, the MOCVD apparatus includes a process chamber 210, a 
shower part 230, a susceptor 220, a first supply pipe 242, a second supply pipe 244 and a 
h e at pip e heating pipe 350. Among them, a detailed description for the same elements as 
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those of the previous exemplary embodiment is abbreviated, and the differently 
structured h e at pip e heating pipe 350 from the first exemplary embodiment will be 
described. 

[0049] Referring to FIG. 5, the hoat pipo heating pipe 350 may include a first heat part 
352, a transfer part 354, and a third heat part 356. The first heat part 352 is connected 
with the first supply pipe 242, and disposed between the sidewall 214 of the process 
chamber 210 and the susceptor 220. The first heat part 352 is installed to surround the 
susceptor 220 in a coiled shape (a three-dimensional shape) ranging from a bottom 
surface of the process chamber 210 to an upper surface of the susceptor 220. The transfer 
part 354 may extend from the first heat part 352, and may be linearly shaped at an upper 
portion of the process chamber 210. The third heat part 356 may extend from the transfer 
part 354 to exchange heat with the shower part 230, and may be connected with the first 
inlet part 23 1 . As shown in FIG. 5, the third heat part 356 may be a helical-shape (a two- 
dimensional shape) and have a radius that decrease gradually from outside to inside in the 
same plane. 

[0050] FIG. 6 is a sectional view illustrating a modified example of the MOCVD 
apparatus of FIG. 4, and FIG. 7 is a perspective view illustrating a heat pipe heating pipe 
250 and a liner of FIG. 6. 

[0051] Referring to FIGs. 6 and 7, unlike that of FIG. 5, the third heat part 356 of the 
h e at pip e heating pipe 350 may be structured to surround the shower part 230 in a coiled 
shape (a three-dimensional shape) ranging from the second shower plate 238 to the first 
inlet part 23 1 of the shower part 230. 

[0052] In another exemplary embodiment, the transfer part 354 may have a long or short 
length depending on its influence on the temperature of the first source gas, and the first 
heat part 352 may be extended to the shower part 230 in a coiled shape without the 
transfer part 354. 

[0053] In another exemplary embodiment, since the h e at pip e heating pipe 350 is 
disposed inside an inner sidewall of the process chamber 210, the source gases may be 
deposited on the h e at pip e heating pipe 350. In this case, since the h e at pip e heating pipe 
350 may have a short purge period, a liner (for example, cylindrical liner 260) may be 
installed inside of the first heat part 352 (and/or any other part) of the h e at pip e heating 



11 



Attorney Docket No. 8947-000075/US 
Substitute Specification (Marked-Up version) 

pipe 350. In an exemplary embodiment, the first heat part 352 may be formed close to 
the inner sidewall of the process chamber 210, and the liner 260 is disposed close to an 
inner side of the first heat part 352 of the h e at pip e heating pipe 350. However, the first 
heat part 352 of the hoat pip e heating pipe 350 may also be disposed to be at a distance 
from the inner sidewall of the process chamber 210, and the liner 260 may be 
respectively installed at the inner and outer sides of the first heat part 352. 
[0054] FIG. 8 is a sectional view illustrating a MOCVD apparatus in accordance with 
another exemplary embodiment of the present invention. Referring to FIG. 8, the 
MOCVD apparatus includes a process chamber 210, a shower part 230, a susceptor 220, 
a first supply pipe 242, a second supply pipe 244 and a heating device 400. Among them, 
a detailed description for the same elements as those of the previous exemplary 
embodiment is abbreviated, and the differently structured heating device from the 
previous exemplary embodiment will be described. In another exemplary embodiment, a 
heater 400 is used as the heating device. The heater 400 is installed on the first supply 
pipe to heat the first source gas. The first supply pipe is directly connected with the first 
inlet part 231 of the shower part 230. The construction of the MOCVD apparatus without 
awithout a h e at pip e heating pipe is relatively simple. 

[0055] A layer deposited by the apparatus according to exemplary embodiments of the 
present invention may be a ferroelectric layer. In case that a ferroelectric layer (e.g., 
Pb(Zr, Ti)0 3 ) is deposited, the second source gas may include a metal organic precursor 
gas and a carrier gas. The metal organic precursor gas may include lead (Pb) or 
compounds thereof, zirconium (Zr) or compounds thereof, and/or titanium (Ti) or 
compounds thereof. A liquid metal organic source is vaporized in the vaporizing part 245 
and heated to a temperature so as not to allow reliquefication or heat decomposition. A 
carrier gas may serve as a carrier for supplying the metal organic precursor gas into the 
process chamber 210 and may be a non-reacting gas, such as nitrogen, helium or argon. 
The second source gas may be an oxygen gas as an oxidizer gas. The oxygen gas may be 
heated to a desired temperature before it flows into the first inlet part 23 1 . As described 
above, a heater 400 may be installed on the first supply pipe 242 or the heat pipe heating 
pipe 250 surrounding the susceptor 220 between the first supply pipe 242 and the first 
inlet part 23 1 . The oxygen gas may be heated to a temperature of the metal organic 
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precursor gas flowing into the process chamber 210. The oxidizer gas may include ozone 
(03), nitrogen oxide (N2O), nitrogen dioxide (NO2) or other oxygen-based gas. 
[0056] As described above, the exemplary embodiments of the present invention 
contemplate a h e at pip e heating pipe including three parts, however, fewer or more parts 
could also be used as would be known to one of ordinary skill in the art. 
[0057] As described above, the exemplary embodiments of the present invention 
contemplate a h e at pip e heating pipe part of linear, spiral, or helical shape, however, other 
two- and three-dimensional shapes could also be used as would be known to one of 
ordinary skill in the art. 

[0058] As described above, the exemplary embodiments of the present invention provide 
apparatuses (for example, MOCVD apparatuses) having a simpler structure and/or easier 
apparatus maintenance without an additional heat device since the source gas such as 
oxygen and nitrogen is heated at a higher temperature using the heat radiated from the 
susceptor (which may also prevent or reduce a thermal eddy from occurring within the 
process chamber). 

[0059] Further, exemplary embodiments of the present invention provide MOCVD 
apparatuses in that the process chamber and the shower part may be reduced or prevented 
from being deteriorated without using an additional cooling device, since the high 
temperature heat radiated from the susceptor is partially used to heat the source gas. 
It will be obvious to those skilled in the art that various modifications may be made in the 
present invention. Such variations are not to be regarded as departure from the spirit and 
scope of the exemplary embodiments of the present invention, and all such modifications 
as would be obvious to one skilled in the art are intended to be included within the scope 
of the following claims. 
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